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1 . Title of- the : Invent ion : v>: 
Turbo ^iaai eqular. pump and method for running, ;£he Spump 

2 - Claims : \ ■ ^ ; ". 

1. A-^ethod:,; f or running a turbo molecular pu^pJAtfeirig 
characterized ^l^^hat, at the time of * running, t]Ke^^ 
molecular pimp/ with respect to a stator of the turbo molecular 
pump, a portion d£jthe stator which supports stator bl^des': ; is 
substantial i^^pb l^d. to a boiling point of 1 iqu id nitrogen -or 
a t emp er a tur e lower - than the boiling point. 

2. A^urbq^^iecular pump being characterized in : ^hat', 
with respec#:tb:^ of the turbo molecular puxnp. f ; ;iS jacket 
formed of li<^id or a cryogenic liquid having a foiling 
point lower ;^han :p^:ba il ing point of the liquid nitrogeri^is 
provided to^a .pqftion of the stator which supports f stator 
blades . ■ -^ : v : -~w • '• -v.-" :• 

3 * ' Detailed^pescription of the invention ^.v 
[ Indus trialV^ield'Jpfl the Application] ..A 

The present invent io n relates to a turbo molecular pump 
and a method/for -running a turbo molecular pump- -^j.- ^'. v v".. : - 
[Prior Art] ... ■ : \ v : / •'. 

As explain e%in JIS Z 8127 -1981 and disclosed ih ^Vacuum 
pump" written by Hiroshi Ishii (Shinku Gijutsu Koza (Lecture 
on Vacuum Technique) , Vol . 2 r first edition, February 25> 1965 / 



published by Nikkan Kogyo Shinbunsha) and "Shinku gijutsu 
manual" (Vacuum Technique Manual) written by John, Ohaion, 
translated by Tamotsu Noda and two others, first edition, July 
30, 1983, published by Sangyo Tosho Ltd.) , the turbo molecular 
pump is a molecular pump which includes a rotor havinci 
turbine-like blades and a stator having turbine-like blades. 
The turbo molecular pump is a kind of a momentum transportation 
type vacuum pump which is particularly effective for the gas 
transportation in a molecular flow region. 

To explain the general constitution of one example of 
the turbo molecular pump in conjunction with Fig. 1, in. th€ 
inside of a stator 11 having a cylindrical inner surface 10," 
a rotor 13 having a cylindrical outer surface 12 is housed such: 
that the rotor 13 shares a same vertical axis A with the stator /' 
In the inside of a pump space 14 having an annular cross sectior, 
defined between the inner surface 10 of the stator 11 and the 
outer surface 12 of the rotor 13, a large number of rotor blades 
15 are projected from the rotor outer surface 12 in a radially 
outward direction and a large number of stator blades 16 are 
projected from the stator inner surface 10 in a radially inward, 
direction. The rotor blades 15 are arranged in some stages 
(12 stages in a case shown in the drawing) in the axial direction 
in a sequentially spaced-apart manner from each other, and each 
stage of the rotor blades 15 is constituted of a large numbex 
of rotor blades 15 which are sequentially spaced apart fron 



each other equidistantly in the circumferential direction'. 
The stat or blades 16 are arranged in some stages ,(12|js r tkgeY 
in a case shown in the drawing) in the axial d i re c t ion^i h;~ £ . 
sequentially spaced-apart manner from each othex|ISn;^r, 
arrangement that the stage of rotor blades 15 is\inter]x>^c ' 



between each two stages of the stator blades 16, and^eac^stagc 
of the stator blades 16 is also constituted of a' largSifii^lr-' 
of stator blades 16 which are sequentially spaced- apaitftr^ni.'- 



each other equidistantly in the circumferential direc|||)p||Ar 
intake port 17 which is communicated with an upper :- ; ^o|^.^^(bf 
the pump space 14 and a discharge port 18 which is conwunif|t^ec. 
with a lower portion of the pump space 14 are form^^||^|h€ 
stator 11. The rotor 13 is connected to a motor^ip|^^ 
rotated at a high speed about the axis A by dr i v i ng^ • t n e! Ji^ t o r 
19- ■ ■•\.:|||^:;^ 

In Fig. 2, a portion of the arrangement of thelrotoi: 
blades 15 and the stator blades 16 in the pump space 14^ shown 
in a developed form. In Fig. 2, an arrow 3 indicate^^gas 
transportation direction which is directed from the intake^ 
17 to the discharge port 18, while an arrow C indicates . an 
advancing direction of the rotor blades 15 when the rbtdr 13 
is rotated. In this drawing, two stages of rotor blades- arhdng 
some stages of rotor blades and two stages of stato;^ 
among some stages of stator blades are shown. Further f among 
a large number of blades which are included in each stage/ five 



blades are shown in the drawing for each stage. Each blade 
15, 16 is formed of a single flat plate and is directed to be 
inclined with respect to the gas transportation direction B 
and the rotor blade advancing direction C . To be more specific , 
the rotor blades 15 are directed such that ends of the rotor 
blades 15 in the direction opposite to the gas transportation 
direction B, that is, ends 20 of the rotor blades 15 at the 
intake port 17 side lead ends of the rotor blades 15 in the 
gas transportation direction B, that is, ends 21 of the rotor 
blades 15 at the discharge port 18 side with respect to the 
rotor blade advancing direction C. Further, the stator blades 
16 are directed such that ends of the stator blades 16 in the 
gas transportation direction B, that is, ends 22 of the stator 
blades 16 at the discharge port 18 side lead ends of the stator 
blades 16 in the direction opposite to the gas transportation 
direction B, that is, end9 23 of the stator blades 16 at the 
intake port 17 side with respect to the rotor blade advancing 
direction C. 

Due to such an arrangement of the blades 15, 16, when 
the rotor 13 is rotated at a rate of 20,000 to 60,000 rotations 
per minute, particularly in the molecular flow region, gas 
molecules which impinge or. the surfaces of the rotor blades 
15 and the stator blades 16 receive momentum mainly in the 
direction from the intake port 17 side to the discharge port. 
18 side at the time of impingement. Accordingly, as a whole. 



the gas is transported in the direction indicated by 3 while 
being compressed. 

(Problem to be Solved by the Present Invention) 

In the above-mentioned turbo molecular pump, 
conventionally, the compression ratio (that is, discharge- 
side pressure/intake- side pressure) for a light- weighted gas 
having a small molecular weight such as hydrogen is extremely 
small. Accordingly, when a gas to be transported contains a 



^WSl^'y light-weighted gas, the -minimum pressure that the turbo ■ -.fMW^MM 



molecular pump can reach at the intake side is dominated by 
the small compression ratio of the light-weighted gas so that 
there has been a drawback that it is difficult to sufficiently - 



P^^k^: reduce the minimum pressure. To overcome this drawback * t -^^^MiP'SM 
way be considered that the advancing speed of the rotor blades -i^SKV^S 
is increas ^d by increasing the rotational speed of the rotor 

ll^HP^ whereby the compression ratio is increased. However, as ' ' 



mentioned previously, the rotational speed of the rotor has 
been already considerably large and hence, if the rotational 
speed would be further increased, the turbo molecular pump has 
to undergo restrictions with respect to the strength of the 
rotor, the strength of bearings, the torque of the motor, the 
control of the motor and the like. Accordingly, the increase 
of the rotational speed is difficult from a practical point 
of view. 

(Means for Solving the Problems) 



To solve the above-mentioned conventional problems, the 
'present invention makes use of a following known relationship. 
• w By setting the molecular weight of a gas molecule to m, the 
Boltzmann constant to k and the absolute temperature of gas 
to T, the most probable speed Vg of the gas molecule is given 
yby a following equation. 
Vg = V2kT / m 

In the turbo molecular pump, when the advancing speed 
-; bf the rotor blades is set to Vg and the blade speed ratio S 
■is defined by a following equation, 
s ^ Vh / Vg ~ Vb / v'2kT / m 

with respect to the normally used rotor speed and a normal 
«gas, a following relationship is established between the blade 
/speed ratio S and the compression ratio K. 

K a exp (aS> a: positive constant 

Accordingly, in proportion to the increase of the blade 
speed ratio S, the compression ratio K is increased." 

According to this relationship, it is understood that, 
;in place of increasing the advancing speed Vb of the rotor 
blades by increasing the rotational speed of the rotor, when 
the absolute temperature T of the gas is lowered, the 
compression ratio K can be increased. As means for lowering 
•the absolute temperature T of the gas, means which cools the 
stator blades or the rotor blades on which the gas molecules 
impinge is considered. It is further preferable to cool both 



of them. However, in practice, when the rotor blade is cooled, 
the frosting occurs on the rotors so that there is a possibility 
that the dynamic balance of the rotor is damaged. Accordingly, 
the present invention adopts the cooling of the stator blades. 

In practice,, the cooling of the stator blades can be 
achieved by cooling a portion of the stator which supports the 
stator blades . As a cooling medium, the use of liquid nitrogen 
or a cryogenic liquid having a boiling point lower than a 
boiling point of the liquid nitrogen is preferable in view of 
the simplicity of structure and the easy manipulation or in 
view of the ability to cool the gas to a sufficiently low 
temperature. Further, a proper gas-cooling-type 

refrigerating machine can be also used. 

In this manner, according to this embodiment, to 
eliminate the above-mentioned conventional problems, firstly, 
there is provided M a method for running a turbo molecular pump 
being characterized in that, at the time of running the turbo 
molecular pump, with respect to a stator of the turbo molecular 
pump, a portion of the stator which supports stator blades is 
substantially cooled to a boiling point of liquid nitrogen or 
a temperature lower than the boiling point". 

Secondly, there is provided *a turbo molecular pump being 
characterized in that, with respect to a stator of the turbo 
molecular pump, a jacket formed of liquid nitrogen or a 
cryogenic liquid having a boiling point lower than a boiling 



point of the liquid nitrogen is provided to a portion of the 
stator which supports stator blades". 
(Manner of Operation) 

According to the above-mentioned method for running the 
turbo molecular pump and the turbo molecular pump of the present 
invention, with respect to the stator, the portion which 
supports the stator blades is substantially cooled to the 
cryogenic state which is at least lower than the boiling point 
?7K of the liquid nitrogen with the use of the liquid nitrogen 
or the cryogenic liquid having the boiling point lower than 
the boiling point of the liquid nitrogen. Accordingly, the 
stator blades which are supported on this portion are also 
cooled cryogenioally at the same degree. Therefore, the gas 
which is transported by the turbo molecular pimp is cooled when 
the molecules impinge on the stator blades and hence, the 
absolute temperature of the molecules is lowered whereby the 
most probable speed Vg of the gas molecules is lowered, the 
blade speed ratio S is increased and the compression ratio K 
is also increased. Accordingly , the minimum pressure which 
can be attained at the intake side of the turbo molecular pump 
can be reduced. 
(Embodiment) 

An embodiment of the turbo molecular pump according to 
the present invention has the above-mentioned general 
structure which is exactly same as the general structure which 



is explained previously in conjunction with Fig. 1 and Fig. 
2. According to the present invention, in a stator 11, on a 
portion which supports stator blades 16 and is brought into 
close contact with the stator blades 16 with a favorable heat 
transfer relationship, for example, on an outer surface 25 of 
a spacer 24 , outer threads are formed. On an inner side surface 
28 of an annular liquid nitrogen vessel 27 having a liquid 
nitrogen intake/discharge port 26, inner threads are formed. 
The vessel 2 7 is mounted on the spacer 24 in a favorable heat 
transfer relationship by the thread engagement between the 
above-mentioned outer threads and inner threads. The 
above-mentioned liquid nitrogen vessel 2 7 constitutes a j acket 
of liquid nitrogen. 

In operating the above-mentioned turbo molecular pump, 
the liquid nitrogen is filled into the inside of the vessel 
2 7 through the liquid nitrogen intake/discharge port 2(5 so that 
the spacer 24 is cooled in a cryogenic state with the use of 
the liquid nitrogen. Further, the stator blades 16 which are 
in the heat transfer relationship with the stator 24 is also 
Cooled in a cryogenic state and the rotor 13 is rotated at high 
speed by driving a motor 19 . Then, the gas is transported from 
the intake port 17 to the discharge port 18 while being 
compressed. In such a transfer of the gas, since the stator 
blades 16 are cooled r the high compression ratio can be 
obtained. 



In such a turbo molecular pump, it is evident that even 
when the cryogenic liquid such as liquid helium having the 
; boiling point lower than the boiling point of the liquid -\ : : ."' ■ 
"^nitrogen is used in place of the liquid nitrogen, the similar "^:v ; v' 
v /^advantageous effect can be obtained. Further, by making the ? : 
surface of the stator coarse, the cooling effect of the gas V.-. : ' 
ll^'SC-;'^ further enhanced. ^>V-' • 

^[Advantages of the Invention] \- W vA : \ 

V/ : i'': ■ According to the turbo molecular pump and the method for . : 
^running the turbo molecular pump according to the present ■ 
invention, with the use of the liquid nitrogen or the cryogenic - 
; ^lx(3uid having the boiling point lower than the boiling point 



> ' .... 



§^r^^\ :: -^:'. " the liquid nitrogen, the stator blades are cooled vV^; - " ^ 

^ y ogen i ca 1 1 y through the stator portion which supports the ■ 
j^^^^^^JJ^Stator ' blades and hence, the gas temperature of the gas -V ;: 
v^ rhplecules which impinge on the stator blades is lowered . Along 

with the lowering of the gas temperature, the previously- ' 
^ Mentioned blade speed ratio S of the turbo molecular pump is *" -V : /l 

■^creased and the compression ratio K is also increased -0 v 

-corresponding to the increase of the blade speed ratio s. 

In this manner, according to the present invention, the 
.'. compression ratio larger than the conventional compression 
ratio can be achieved in the turbo molecular pump. This 
advantageous effect can be obtained also with respect to the 
light- weighted gas such as hydrogen. Accordingly, also with 



was performed, the compression ratio was increased 
approximately 45 to 105 times in the molecular flow region 
compared to the conventional value of approximately 10 3 which 
is obtained without performing the cooling -using liquid 
nitrogen . Here, the discharge speed of the turbo molecular 
pump was increased about 1.4 to 1,8 times compared to the 
conventional discharge speed. 
4, Brief Description of the Drawings. 



lfSS^||s-v; Fig. 1 is a vertical cross-sectional view of an 

: ;' : 5.S?-I? r f ' ' • embodiment of a turbo molecular pump according to the present 
invention and Fig. 2 is a view showing the arrangement of rotor 

' :-- : A^i^Cv- blades and stator blades in the inside of a pump space in the 

• turbo molecular pump shown in Fig. 1. 
V-v^'-;' ■ In ttle drawings, numeral 11 indicates a stator, numeral 

• 13 indicates a rotor, numeral 15 indicates rotor blades, 



respect to the gas which contains the light-weighted gas, the 
minimum pressure which is attainable at the intake side of the 
turbo molecular pump can be set to a value lower than the 
conventional pressure value . 

According to the finding made by an experiment, in a turbo 
molecular pump having a diameter of 0.1 m, 12 stages of rotor 
SfSRSir . bl ^ des ' 12 stages of stator blades and a rotational speed of 
ftSSPS^y 50,000 rpm, when the liquid nitrogen was accommodated in a 

jacket (vessel) which arranges a stator-blade support portion /- r; f¥f| 
as shown in Fig. 1 and then the transportation of hydrogen gas '-^^M 



numeral 16 indicates stator blades, numeral 17 indicates an 
intake port, numeral 18 indicates a discharge port, numeral 
2 4 indicates a portion which supports the stater blades and 
numeral 2 7 indicates a jacket formed of cryogenic liquid. 
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